Trifluoroacetylated whole-cell methanolysates of four strains each of Mycobacterium gordonae and Mycobacterium scrofulaceum were analysed by gas chromatography, using a glass capillary column. The major chromatographic peaks were identified by mass spectrometry as derivatives of fatty acids and carbohydrates. In addition, two predominant peaks, present in chromatograms representing M. scrofulaceum, were identified as 2-octadecanol and 2-eicosanol. These secondary alcohols were not found in any of the strains of M. gordonae studied. The amount of tuberculostearic acid in the latter species was less than 1 % of that in M. scrofulaceum. 0022-1287/83/OOOl-O684 $02.00 0 1983 SGM Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11 On: Thu, 06 Dec 2018 10:24:23 402 C . ALVIN AND OTHERS
INTRODUCTION
In recent years, a number of gas chromatographic (GC) methods for the characterization and identification of micro-organisms have been elaborated. Profiling of derivatives of cellular constituents such as fatty acids, carbohydrates and amino acids from pure cultures has been employed. Furthermore, extracellular microbial metabolites, particularly of anaerobic bacteria, have been studied by GC. The resulting chromatographic patterns are usually specific as to genus or sometimes as to species (Larsson & Miirdh, 1977) .
One approach to the GC study of microbial constituents includes mild fragmentation of lyophilized organisms with methanolic hydrogen chloride, followed by trimethylsilylation or trifluoroacetylation. In this way, free and bound fatty acids are converted to corresponding methyl esters, and carbohydrates, including polysaccharides, to silylated or trifluoroacetylated monomeric methyl glycosides. Provided that the correct G C conditions are chosen, these two classes of compounds can be detected in one and the same GC analysis (Jantzen et al., 1972) .
The development of diagnostic techniques for the rapid identification of mycobacteria ought to receive high priority, since the methods used today are both laborious and time consuming. GC analysis of cellular fatty acids as used, e.g. by Tisdall et al. (1979) and Guerrant et al. (1981) , made it possible to distinguish various mycobacterial species encountered in human infections. Larsson & Miirdh (1976) and Larsson et al. (1979~) employed both analysis of fatty acids and of trifluoroacetylated whole-cell methanolysates. In these latter studies, no attempts (other than those based on GC retention data) were made to establish the identities of the chromatographed compounds.
The present investigation aimed to optimize the chromatographic conditions for the simultaneous GC registration of both microbial carbohydrates and fatty acids, analysed as trifluoroacetyl (TFA) derivatized methyl glycosides and methyl esters, respectively. A glass IP: 54.70.40.11
On: Thu, 06 Dec 2018 10:24:23 (CH3(CH2)17CH =OH)+, tally with a proposed structure of 2-eicosanol for component (10). Analogously, the identity of peak (7) was established as 2-octadecanol.
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Chromatographic patterns
The identities and relative areas of the peaks in the chromatograms of both of the species examined are given in Table 1 .
Chromatograms representing M. gordonae exhibited a much larger peak of glucose than of other carbohydrates, e.g. galactose, arabinose and mannose. These chromatograms further differed from those of M. scrofulaceum by the absence of peaks representing 2-octadecanol, 2eicosanol and tuberculostearic acid, as registered by flame ionization detection. However, analysis of M. gordonae, using SIM revealed a peak having a retention time identical with that of the synthesized sample of methyl tuberculostearate, in an amount corresponding to less than 1 % of that in M . scrofulaceum (Larsson et al., 1981) .
Reproducibility
The standard deviations of the peak areas are given in Table 1 . Chromatograms from studies on the duplicate cultures, and on the different strains of the same species, were similar, Table 1 especially with respect to the fatty acid patterns, while the carbohydrate peaks showed somewhat larger variations.
. Relative peak areas of chromatograms representing mycobacterial cellular constituents as produced by a JEame ionization detector and an electronic integrator
No differences could be observed between chromatograms representing preparations derivatized 1 week or 1 year after the mycobacteria had been lyophilized. Derivatized samples could be stored for at least 1 week at -20 "C without any change in their chromatographic patterns.
DISCUSSION
The analytic technique used in the present study, viz. acidic methanolysis of lyophilized bacterial cells followed by derivatization using trifluoroacetic anhydride prior to GC analysis, can be applied for characterization of bacteria in general, since all such organisms contain both carbohydrates and fatty acids. Alkaline saponification followed by esterification of cellular lipids has also been employed. This latter approach is rapid and easy to use, although not applicable for the study of both carbohydrates and fatty acids, since the former are degraded in the strongly alkaline environment employed during the saponification process.
The simultaneous determination by GC of bacterial carbohydrates and fatty acids can be achieved by using either trimethylsilyl or TFA derivatization of the methyl glycosides after acidic methanolysis (Jantzen et af., 1972) . The latter derivatives are more volatile and heatstable than the former, but sensitive to moisture. Preferably, TFA derivatives should therefore be stored in an excess of reagent. The somewhat higher standard deviations of the peak areas of the TFA methyl glycosides than of the methyl esters found in the present study (Table 1) may be explained as resulting from incomplete TFA derivatization, or from degradation of the derivatives due to moisture in the atmosphere.
Larsson & Mgrdh (1976) , who analysed the fatty acid and carbohydrate composition of some species of Mycobacterium using, in principle, the same test procedure as described in the present study, found reproducible differences between chromatograms of M . avium, M. kansasii, M . tuberculosis and M . bovis, strain BCG. The latter two species produced virtually identical fatty acid GC profiles, and could only be distinguished when carbohydrates were also analysed. The 2 m packed column used in this and also in a proceeding study (Larsson et al., 1979a) , could scarcely separate the three hexoses. Furthermore, peaks of tuberculostearic acid and 2-eicosanol could not be separated. The capillary column in the present study, which used the same stationary phase (viz. OV-101) as the two previous studies, enabled all these compounds to be separated. This stationary phase possesses a high thermal stability and is consequently suitable for analysis of the long-chain fatty acids of mycobacteria.
In initial studies, it was found that the excess of TFA reagent in the samples had a marked deleterious effect on the capillary column. This was overcome by using the pre-column described, the packing material of which was regularly renewed.
The finding of 2-octadecanol and 2-eicosanol in M . scrofulaceum, but not in M . gordonae, is of interest. The last-mentioned secondary alcohol has previously been found in the mycolic acids of a variety of mycobacterial species (Minnikin & Goodfellow, 1980; Asselineau, 1966) . The detection of these alcohols by using capillary columns can add to the differential diagnostic capability of the GC method used. In contrast to previous findings (Julak et al., 1980) , we were able to detect tuberculostearic acid in M . gordonae by using SIM.
The GC technique described in the present paper appears to be useful for characterization of mycobacteria. Compared with the analysis of fatty acids alone, the method is more laborious and demanding, but elicits more information that might be of value in taxonomic studies on mycobacteria and possibly also on bacteria of other genera.
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